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Abstract 
In this paper, the Leadership in Energy and Environmental Design for Homes (LEED-H) rating method was tested on three 
existing Malaysian green homes (GH). This was to ascertain the amount of changes and modifications needed to configure 
LEED-H to suit the local context. The three GHs are Demonstration, Cool and Energy Efficient House (DCEEH), Smart and 
Cool Home (SCH) and CoolTek House (CTH). These are benchmark Malaysian GHs either due to their design, construction 
methods, building materials or operational procedures. It was found that all case studies did not comply with at least 12 
mandatory prerequisites out of 23 as outlined in LEED-H. 
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1. Introduction 
As part of the process of developing a new green home rating method (GHRM) the Leadership in Energy and 
Environmental Design for Homes (LEED-H) environmental rating system from the US was studied in detail and 
tested on three existing Malaysian green homes (GH) to find out the underlying concepts, ideas, implicitly embedded 
regulatory standards and rating methodology. This was to determine the applicability of modifying LEED-H to suit 
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existing standards, technologies and building practices in Malaysia. Similar studies were done by other researchers 
such as Yik et.al [1], Lee and Burnett [2], Tan [3], Md. Darus et.al [4] and Hikmat and Saba [5] among others during 
the development of other GHRMs. 
 
Nomenclature 
AAC  Autoclaved aerated concrete 
AC  Air-conditioning 
ASHRAE American Society of Heating Engineers 
CTH  CoolTek House 
DCEEH  Demonstration, Cool and Energy Efficient House 
EPA  US Environmental Protection Agency 
FSC  Forest Stewardship Council 
GH  Green home 
GHRM  Green home rating method 
LEED-H Leadership in Energy and Environmental Design for Homes 
LPG  Liquefied Petroleum Gas 
MTC  Malaysian Timber Council 
RC  Reinforced concrete 
SCH  Smart and Cool Home 
UBBL  Malaysian Uniform Building By-Laws 
 
 
Fig 1: Research methodology applied for this study 
In order to conduct this study, a research methodology as indicated in Fig 1 was used to extract relevant 
information about the case studies and the opinions and perceptions of the case studies occupants about green home 
rating. Consistent with the recommendation of Gillham [6] for interviewing a small group of key people, probes to 
solicit clarifications to earlier responses were used. On top of this, each case study were surveyed and analysed to 
establish their building performance and physical characteristics to be rated against LEED-H. 
1.1. LEED for Homes (LEED-H) 
There are eight categories in LEED-H with 108 measures and 18 among them are prerequisites or mandatory 
measures that must be complied with to ensure minimum levels of sustainable practice when the performance 
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pathway of the ‘Energy and Atmosphere’ (EA) credit category is chosen [7]. The number of prerequisites rises to 23 
when the prescriptive pathway of the EA is chosen instead. In the prescriptive pathway, projects seeking 
certification must be rated against ENERGY STAR for Homes, a home energy efficiency rating suite designed and 
maintained by the US Environmental Protection Agency (EPA). This rating suite assesses the effectiveness of 
specific building components [8]. Whereas, in the performance pathway, LEED-H dictates 10 evaluative measures 
to score points [7]. Nevertheless, both pathways award 38 points [7]. In all, there are 136 available credits that can 
be scored. Certification of an assessed house is based on a few levels which are ‘Certified’, ‘Silver’, ‘Gold’ and 
‘Platinum’ according to the amount of credits accrued. 
1.2. Demonstration, Cool and Energy Efficient House (DCEEH) 
The DCEEH is a two-storey retrofitted 245.2 m2 home-office. It has a conventional reinforced concrete (RC) 
frame with clay brick walls and timber framed roof with clay roof tiles. It was retrofitted with aluminium framed 
aluminium louvers over the front and back windows as sun shading devices to restrict heat transmission into the 
house. The roof was also fitted with a layer of aluminium foil to reflect radiated heat from the sun and a layer of 
Rockwool insulation to further restrict heat transmission. In addition, a new layer of counter timber battens was 
added on the roof to allow free air movement to get rid of hot air trapped beneath the reused clay tiles [9]. Besides 
the retrofit, DCEEH occupants practice night ventilation and use ceiling fans to distribute the air during the day to 
achieve thermal comfort when needed. The average temperature inside the house during the day is 27˚C or an 
average of 3˚C lower than outside temperature [9, 10]. 
 
a                                                  b                                                b                                       
 
 
 
 
 
 
 
 
 
 
 
Fig 2: (a) Demonstration, Cool and Energy Efficient House (DCEEH); (b) Smart and Cool Home (SCH) 
1.3. Smart and Cool Home (SCH) 
SCH is a two-storey 167.2 m2 bungalow constructed using the Smart and Cool Home (SCH) system that utilises 
recycled tyres in steel mesh cassettes to replace concrete in the foundation [11, 12]. Besides this, its suspended floor 
slabs have arched corrugated steel sheets as structural reinforcements to reduce the amount of concrete further and 
steel reinforcements. Other features such as autoclaved aerated concrete (AAC) block walls with a very low U-value 
of 1.091 W/m2K [12], ventilated clay tiled roof and double glazed fenestrations ensure that the overall thermal mass 
of the house is reduced to allow it to stay cool throughout the day [11, 13]. The end result is a very comfortable 
internal temperature of an average of 7˚C lower than outside temperature as measured by Sh. Ahmad et al. [12]. 
Occupants of SCH also practice night ventilation and use ceiling fans to distribute fresh and cool air all day long to 
achieve thermal comfort. No air-conditioning (AC) units were installed in the house. 
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1.4. CoolTek House (CTH) 
The CTH is a one storey 232.0 m² bungalow [14] in Melaka which was designed and built by retired couple, 
Boswell and Bacon who deliberately chose to reside in Malaysia in order to make use of the constant and relatively 
predictable weather to easily control their expected indoor environment for thermal comfort [15]. The design of the 
house was made easier by the small solar elevation changes from approximately from 88° on 20th of March to 60° 
on 21st of December every year in Malaysia as compared to a maximum of 48° for Sydney during the same period 
[16]. This was translated into a simple roof design (where PV panels were placed) and the placement of large 
windows on North and South facing walls. Moreover, the average diurnal temperature difference as recorded in 
2007 in Melaka was 9.6°C [17]. Although the relative humidity (RH) is uncomfortably high at an average of 84% 
throughout 2007, the daily variations were limited as well [17]. At average, Melaka experienced a total of 
1318.7mm of rain over 116 days per year as in 2007 [17]. Knowing these potentials, Boswell and Bacon created a 
set of principles that governed the design of the CTH house. These principles were orientation, protection, insulation, 
ventilation and investigation [15, 18]. As a testament to the success of this house, CTH was named the winner of the 
ASEAN Energy Award for 2009 [19].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 CoolTek house (CTH) 
2. Research Findings 
All case studies were rated as closely as possible to standards prescribed in LEED-H. Equivalent standards or 
building regulations in Malaysia are used as substitutes for any similar standards in LEED-H. US standards which 
are not similar to any Malaysian contemporaries are studied in detail and applied selectively on the case studies in 
order to complete the rating processes. The resulting final scores for all case studies are indicative of the differences 
between US GH standards that rely more on mechanisation of ventilation and reliance of passive ventilation and 
cooling in Malaysia.  
2.1. Overall Rating Scores for Each Case Study 
The SCH was the best scoring case study with 69.5 credits out of 136. DCEEH scored the least with 60 credits 
and CTH is slightly better with 62.5 credits. When rationalised against LEED-H’s ‘Home Size Adjustment’ 
calculations, these raw scores can be equated to a ‘Certified’ certification level for the DCEEH and the CTH. SCH’s 
rationalised total score is equivalent to a ‘Silver’ certification. The certification levels for both DCEEH and CTH are 
more demanding since their gross floor areas are 245.2 m2 and 232.0 m2 respectively unlike the SCH which is 
smaller at only 167.2 m2. Nonetheless, all case studies could not be awarded with any certification level since they 
failed to comply with 12 prerequisites among 108 measures to ensure a minimum level of sustainable practice [7]. 
The case studies did not comply with prerequisites in MR because construction waste management was not 
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documented, explained and managed according to LEED-H’s requirements. Moreover, all case studies neither have 
any air-conditioning nor efficient air-conditioning systems installed. All of the houses are unsealed as required for 
efficient mechanical ventilation, hence non-compliance with prerequisites in EQ. The wide-ranging prerequisite 
non-compliances are tabulated in Table 1.  
Based on the rating tests done on each case study, the following measures or indicators within LEED-H are 
deemed either unsuitable or must be substantially changed for use in Malaysia. This judgement is purely based on 
the fact that there are only a handful of green homes in Malaysia and three of the most prominent ones are 
showcased here in this study. Throughout LEED-H there are 108 issues categorised into the eight groups. Out of the 
108, 65 are judged to be either inapplicable to assess the case studies or needed changes in order to be applicable. In 
the next sections, only prerequisites which have not been met by all case studies will be discussed where all issues 
are explained in detail. 
 
Table 1: Compliance of case studies with all prerequisites in LEED-H 
Prerequisite (Mandatory) Measures - Prescriptive Approach 
for Energy and Atmosphere Indicator (EA) 
Compliance 
DCEEH SCH CTH 
ID1.1 Preliminary Rating    
ID2.1@ Durability Planning    
ID2.2# Durability Management    
SS1.1 Erosion Controls During Construction    
SS2.1 No Invasive Plants    
EA2.1@ Basic Insulation    
EA3.1# Reduced Envelope Leakage    
EA4.1# Good Windows    
EA5.1# Reduced Distribution Losses    
EA6.1# Good HVAC Design and Installation    
EA8.1 ENERGY STAR Lights    
EA11.1# Refrigerant Charge Test    
MR1.1# Framing Order Waste Factor    
MR2.1# FSC Certified Tropical Wood    
MR3.1 Construction Waste Management Planning    
EQ2.1@ Basic Combustion Venting Measures    
EQ4.1@ Basic Outdoor Air Ventilation    
EQ5.1@ Basic Local Exhaust    
EQ6.1@ Room-by-Room Load Calculations    
EQ7.1@ Good Filters    
EQ9.1@ Radon-Resistant Construction in High-Risk Areas    
EQ10.1 No HVAC in Garage    
AE1.1 Basic Operations Training    
23 Total Number of Prerequisites 7 8 11 
Prerequisite Measure Compliance Percentage 30.4% 34.8% 47.8% 
@ These measures need changes to effectively rate the case studies [8]. 
#  These measures are inapplicable against the case studies [8].  
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2.2. Integrated Project Planning (ID1) 
This measure requires all projects acquiring LEED-H to initiate the use of LEED-H from the beginning of the 
project involving all key members of the project team [7]. With regard to all case studies discussed in this paper, 
none of the project teams used LEED-H as basis for their building design and construction. Therefore, all case 
studies did not comply with item 1.1 – ‘Preliminary Rating’.  
2.3. Durability Management Process (ID2) 
The Malaysian Uniform Building By-Laws (UBBL) do not have any standards that deal with waterproofing of 
bathrooms and kitchens other than to prevent dampness from penetrating through the floor and wall constructions as 
outlined in item 84 [20]. Nevertheless, requirements outlined in item 2.1 – ‘Durability Planning’ can be accepted as 
best practice. Due to cultural and regulatory differences, wet areas in the case studies are designed for water to flow 
over the floor and wall surfaces. All floor and walls up to 1.5 m from the finish floor level are tiled with either 
homogenous tiles or clay tiles with floor traps and adequate waterproofing to stop water from seeping through and 
cause damage to the wall and floor constructions. All internal walls at the DCEEH are constructed with clay bricks 
while both SCH’s and CTH’s walls are of AAC blocks and more durable. Most American houses which LEED-H is 
designed for largely have timber internal partitions. The durable building materials used at the case studies imply 
less water damage risks as compared to timber houses. In addition to this, kitchens in homes throughout Malaysia 
are semi-wet and would have similar water protection as bathrooms except for the SCH which has a Western-style 
kitchen with laminated timber flooring.  
Nonetheless, a rating tool that is suitable with the Malaysian condition would promote not just non-slip flooring 
surfaces but also water-proof low-level cabinetry, more than what LEED-H is asking for. Besides waterproofing 
measures for bathrooms and kitchens, all households in Malaysia do not have dryers unlike American households 
and clothes are always hung outside to dry. It is more environmentally conscious to provide covered yards to dry 
clothes in Malaysia during rainy days rather than promote the use of dryers that consume a lot of electricity which 
could add to the already high humidity within homes. 
All case studies did not comply with item 2.1 of ID2 because there is no evidence that the designers of the houses 
consciously made decisions to reduce durability risks as required although construction drawings of all three case 
studies indicate compliance standards with LEED-H. All case studies also did not comply with item 2.2 – 
‘Durability Management’ because it is unknown whether the involving construction companies have any quality 
management processes in place as required by this assessment measure [7]. It is worth noting that the majority of 
building contractors in Malaysia do not have any Quality Management system in place.  
2.4. Heating and Cooling Distribution System (EA5) 
In conjunction with EA2, EA3 and EA4, EA5 intends to ‘…minimise energy consumption due to thermal bridges 
and/or leaks in the heating and cooling distribution system’ [7]. Without rejecting the benefits of AC (although it 
consumes unnecessary energy), item 5.1 of EA5 is irrelevant since thermal bridges only affect the effectiveness of 
heating systems which are not used in the case studies and Malaysia in general. Moreover, ducted AC systems as 
required in EA5 are very rare in Malaysian homes and very costly to install. Nonetheless, the CTH did comply with 
the prerequisite item 5.1 because its non-ducted AC system has insulated pipes in unconditioned spaces as required 
[7] while other case studies did not have any AC systems installed. 
2.5. Space Heating and Cooling Equipment (EA6) 
The sole intention of EA6 is to reduce the energy consumption of installed heating and cooling system [7]. This 
measure is more suitable at evaluating the energy efficiency of air-conditioning systems installed in existing houses 
where retrofitting of passive solar features would not be cost effective or efficient at reducing solar gain through the 
building envelope. New houses still in design should instead be encouraged to follow the passive solar path because 
there are already methods of design and construction besides suitable building materials that could be used to limit 
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heat gain and reduce the cooling load of houses in the Malaysian building market. Both DCEEH and SCH do not 
have AC systems installed resulting in non-compliance with item 6.1 of EA6. However, CTH does have an AC 
system installed due to the occupants’ thermal comfort needs. However, it is unknown if ASHRAE 2001 handbook 
of fundamentals was used to design and size the AC system at the CTH, hence non-compliance. Therefore, the 
application of item 6.1 of EA6 should be flexible in order to cater for different types of available cooling strategies 
for different types of occupants. 
2.6. Material-Efficient Framing (MR1) 
Currently, Malaysia’s Construction Industry Development Board (CIDB) QLASSIC and IBS guidelines are 
already in place to reduce building material wastage in Malaysia. However, the uptake of both guidelines in 
construction projects is low due to perceived hurdles such as the need to implement quality assessment systems 
throughout all design and construction stages and the need to invest financially to train and improve unskilled 
builders [21]. Nevertheless, both guidelines promote builders to increase their efficiency and professionalism while 
delivering buildings with high quality such as the intention of MR1. Moreover, both guidelines cover all types of 
local construction techniques from the predominant wet-works to steel and timber constructions. However, MR1 is 
configured to rate timber framed constructions only.  
Despite having detailed documentation with regard to any timber constructions, both DCEEH and SCH did not 
comply with prerequisite item 1.1 of MR1 since there was no definitive waste factor limit as required by LEED-H. 
Meanwhile, CTH does not have any timber, steel or RC frames in its construction because it is a load bearing 
structure and all of its internal doors do not have frames as well. Therefore, CTH did not comply with item 1.1 as 
well. Besides this, the 10% waste factor limit in item 1.1 is based on cost as a measure. Such a measure is arbitrary 
since the waste cost does not always translate in noticeable waste amounts in weight or volume. This makes item 1.1 
of MR1 inapplicable and contextually compliance with either QLASSIC or IBS guidelines would be more beneficial 
as wet-works remain as a dominant construction technique in Malaysia.  
2.7. Environmentally Preferable Products (MR2) 
Getting supplies of Forest Stewardship Council (FSC) certified wood products might not be a problem in the US 
but in Malaysia, most harvested and milled FSC and Malaysian Timber Council (MTC) certified logs and processed 
timber are destined for overseas markets [22-24]. Meanwhile, the certification status of locally sold timber either 
indigenous or imported is usually not highlighted or unknown. Although the intention of this measure is sound, 
other sustainable timber sources such as oil palm trunks, rubber wood, rattan and bamboo which are abundantly 
cultivated and used in Malaysia should also be recognised and promoted. Nonetheless, none of the three case studies 
have FSC certified wood, hence, non-compliance. 
2.8. Waste Management (MR3) 
Item 3.1 – ‘Construction Waste Management Planning’ requires two tasks to be conducted which are to 
investigate and document local options for diversion of all anticipated major project waste types and to document 
the diversion rate for these construction wastes including waste from land clearing and/or demolition work done on 
site [7]. As for the case studies, it is unknown if the project team made planned decisions to divert any construction 
and land clearing waste from landfills and recorded the amount of waste generated throughout the projects, hence 
non-compliance with this prerequisite.  
2.9. Combustion Venting (EQ2) 
Although EQ2 is intended to assess heating systems, it is still relevant in the Malaysian context generally and the 
case studies since LPG is the main source of fuel for cooking and leakages are potentially harmful to the health and 
safety of the occupants. Therefore, practical measures such as periodic equipment inspection which is already being 
continually advocated by Energy Commission, the Ministry of Health and so on should be promoted in Malaysia. In 
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addition to this, good natural or mechanical ventilation measures to ventilate kitchens are also effective at 
safeguarding the health of occupants and their belongings from fire incidents. All case studies failed to comply with 
prerequisite item 2.1 because they do not have carbon monoxide monitors. 
2.10. Local Exhaust (EQ5) 
Item 5.1 of EQ5 is in line with requirements present in item 39 and the Third Schedule of the Malaysian UBBL. 
According to the UBBL, all rooms must have windows with a total size of unobstructed openings of not less than 
5% of the floor area of that room or a minimum of 0.2 m2 in bathrooms for natural ventilation [20]. In addition, any 
bathrooms without windows must also have mechanical ventilation that complies with the latest ASHRAE Standard 
[20]. Thus, item 5.1 is redundant in assessing GHs. All bathrooms at DCEEH and SCH are naturally ventilated and 
their kitchens are fitted with a window mounted extractor fans and an over the stove smoke extractor respectively. 
However, all of these fans and passive ventilation systems do not satisfy item 5.1 that require ENERGY STAR 
labelled bathroom exhaust fans to be fitted [7], which these houses do not have, hence, non-compliance. Both 
bathrooms at CTH have large openings above and below their glass doors to allow the conditioned air to circulate 
through. However, there are no dedicated extractor fans in both bathrooms, hence non-compliance with item 5.1. 
2.11. Distribution of Space Heating and Cooling (EQ6) 
The standards underlined in item 6.1 of EQ6 are suitable for any sealed and air-conditioned homes in Malaysia, 
except that heating is not required. However, if the main purpose of assessing homes is to reduce energy 
consumption, then EQ6 should be grouped with all other indicators that deal with AC and mechanical ventilation. 
Nonetheless, all case studies failed to comply with item 6.1. 
2.12. Radon Protection (EQ9) 
Despite the fact that radon is a cancer-causing radioactive gas that can be emitted from any type of soil anywhere 
[25, 26], there is no regulation in Malaysia dealing with radon exposure in buildings and there are very few local 
research papers published in this area, such as studies by Mahat and Amin [27] and Mahat et al. [28]. Mahat et al. 
[28] highlighted that the highest level of radon concentration is during early morning before sunrise and radon 
concentration levels are inversely correlated to the outside temperature. However, the duration of their test is 
unknown. The US Environmental Protection Agency (EPA) recommended short-term test of between two to 90 days 
or longer long-term tests to accurately determine radon concentration levels which cannot be detected by human 
senses [25, 26]. All case studies do not have any radon exposure mitigation systems installed, thus, non-compliance 
with the prerequisite item 9.1. 
3. Discussion 
Through the rating process, it was found that all three case studies did not comply with 12 out of 23 prerequisites 
as required by LEED-H. Although all prerequisites do not carry any credits, non-compliance is an indication that 
basic green building standards according to LEED-H are not met, thus assessed buildings cannot be labeled as green. 
This is consistent with findings by Ismail and Abdul Rashid [29, 30]. Based on a study by Ismail [8], 8 out of 23 
prerequisites are inapplicable when rated against the three case studies presented in this paper and 8 other 
prerequisites need changes in order to be applicable against the case studies. These are due to either differences in 
regulations, building design or construction techniques between the US and Malaysia. Affected measures are 
marked in Table 1.  
In order to synergize LEED-H standards with the Malaysian context, all new and existing houses including the 
case studies should comply with the 15 applicable prerequisites. This can be achieved by improving the local house 
designs to ultimately comply with green home standards albeit LEED-H’s among others which are available in the 
region. For instance, to comply with item 1.1 of ID1, specific green home or green home rating consultants should 
be engaged and employed to help steer the design, contract documentation and construction of all new houses. This 
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is to ensure that all new houses are resource efficient and help occupants to live sustainably. Besides this, all new 
house designs should at least comply with item 2.1 of ID2 to ensure the durability of these houses.  
To comply with item 2.1 of MR2, during the contract documentation stage, the acquisition of FSC certified wood 
for roof construction and building finishes should be included in the building construction contract and enforced 
during construction by the building consultants or owners. In addition, to comply with item 3.1 of MR3, all new 
houses in Malaysia during the contract documentation stage before construction should have a construction waste 
management plan to divert construction wastes from landfills embedded into the building construction contract 
which then must be enforced by architects and practiced by builders. 
Furthermore, compliance with item 2.1 of EQ2 requires all case studies to be fitted with carbon monoxide 
monitors to detect any leakages from LPG tanks for cooking and cooking fumes. Alternatively, occupants of all 
houses including the case studies could simply leave windows in the kitchen area open to allow any carbon 
monoxide present to dissipate into the atmosphere outside the houses. In addition, all houses should be fitted with 
extractor fans at all bathrooms to go beyond the minimum ventilation requirements stipulated in the UBBL to 
comply with item 5.1 of EQ5. Alternative to installing a radon exposure mitigation system to comply with item 9.1 
of EQ9, all houses should have fixed louvers installed at high level to allow any radon gas or other dangerous gasses 
to escape. These are only a few steps to ensure that all houses in Malaysia could comply with any minimum green 
home standards. 
4. Conclusion 
Complying with the prerequisites of LEED-H which are applicable with the Malaysian context is an important 
step to ensure that all houses are resource efficient and well equipped to help occupants to live sustainably. Findings 
from this paper and by Ismail [8] highlighted that 15 prerequisites are applicable when used against the selected case 
studies which have been designed and operated based on the green home and sustainable way of living concepts. 
However, 8 of these prerequisites need minor changes to make them fully applicable with the Malaysian context. 
Reusing these along with non-prerequisites and the rating methodology of LEED-H could form the basis for a 
contextually suitable GHRM.     
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